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Introduction:  A remarkable characteristic of CI
chondrites is that they have experienced high levels of
aqueous alteration, yet retained an approximate solar
abundance of volatile elements. Here we present a
model that seeks to relate bulk elemental, organic, and
oxygen isotopic variations amongst carbonaceous
chondrites (CC) through differing levels of aqueous
and thermal alteration on meteorite parent bodies. The
premise is that rock and ices together had solar abun-
dances of volatile elements, and that rock acquired
solar abundances by reaction with the ice melt.
Results:  We have used 57Fe Mössbauer spectros-
copy to quantify the abundance of ferric iron in differ-
ent CC groups, and assume this to be related to the
extent of aqueous alteration [1]. When these data are
compared to oxygen isotope values ([2]; this study) we
observe a positive agreement between degree of aque-
ous alteration and δ18O and ∆17O. In addition, a posi-
tive correlation is also observed for alkali metals (Na,
K) and other moderately volatile elements (Zn, In,
Mn, Sb, Se, Ge, Ga, Cd, and As) [3].
Discussion:  CAI’s, chondrules, and matrix show
evidence of distinct nebular histories. Following ag-
gregation of these materials together with ices in
planetesimals some degree of parent body aqueous
alteration occurred. This is most profound in CI and
CM meteorites. Given this, models to explain our data
fall into two broad categories:
One possibility is that different CC groups formed
from different materials and experienced different
parent body histories. In this case, the correlation we
observe between alteration and isotopic or elemental
composition reflects a fortuitous correspondence be-
tween the abundances of volatiles in matrix, oxygen
isotope reservoirs, and the apparent abundance of ices.
The second possibility is that these features are the
result of a single process of aqueous alteration that
occurred on similar parent bodies. This latter model is
outlined below.
Oxygen isotope variation amongst different CC
groups has been shown to be consistent with low tem-
perature fluid flow and attendant aqueous alteration
[4]. Following on from this work, we envisage proto-
CC parent bodies as heterogeneous mixtures of pre-
dominantly silicates and ices. Volatiles and organics
are concentrated on grain surfaces and/or as intersti-
tial matrix phases. Decay of 26Al (or any other internal
heat source) initiates fluid flow, with most flow occur-
ring at or below 273 K [4]. Volatiles and lower mo-
lecular weight aromatics are stripped from grain sur-
faces during fluid flow, and transported with the fluid.
Sub-graphitic organics are left behind. Clay formation
occurs where alteration is greatest – CM and CI re-
gions – and volatiles are incorporated during precipi-
tation of new minerals and by later adsorption. Thus,
CI’s do not preserve a solar abundance of volatiles;
they have been enriched in volatiles during aqueous
alteration.
We envisage some CO’s and CV’s forming inte-
rior to, and experiencing higher temperatures than,
the more aqueously altered meteorites.
Conclusions:  Although this model does not re-
quire that CC’s formed on the same parent body, it
demonstrates that the range in CC alteration, volatile
element abundance, organics and oxygen isotopes may
be explained by invoking a single process, with simi-
lar starting materials, on similar parent bodies.
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